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ABSTRACT
r9es/35

A large, similer diurnal veriation of the intensities of
geamagnetically trapped and of precipitated electrons is observed
in data obtained with the low-altitude satellite Injun III over
the period December 1962 to September 1963. The northern limit
of detectable electran (E > 140 keV) intensities was at L ~ 20
(A- ~ T7°) at local noon and at L ~ 8 ( _A-~ 69°) at local
midnight. Several polar plots of the median intensities of
electrans as a function of local time and the shell parameter L
(and /- = arc cos L'Y/2) are displayed. A local acceleration
mechanism for electroms (E > 40 keV) on the sunward side of
the magnetosphere is suggested in this preliminary study by an
apparent maximum of precipitated electron intensities near
local noon at L ~ 8. The diurnal effect (a factor of the order
of 100 or greater) begins abruptly at L ~ 8 and extends to all
higher L shells; the local time dependence of the median
electron intensities is more or less symmetrical about the noon-
midnight meridian but may be more nearly symmetrical about a

meridisn of ~ 11:00 (+ 2 hours) beyond L ~ 10. ’;, _
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I. INTRODUCTION

By the use of earth satellites and space probes, it has
became possible to observe, in situ, departures fram rotational
syrmetry of the earth’s magnetic field and of the charged
particle distributions therein, which have been previously
suggested by ground-based cbservations of upper etmospheric
phenamena /cf. Axford and Hines, 1961/. Charged particle
measurements near the geomegnetic equatorial plane at large
radial distances fram the center of the earth with
Explorers XII and XIV /Frapk, Van Allen, and Macegno, 1963/
have shown a strong dependence of the electron intensities
on the angle fram the earth-to-sun line; the ocutermost 1limit
of large electron intensities is ~ 10 RE at local noon and
~8 R, at local midnight and beyond 16 R, at local morninrg.
Also a significant diurnal variation of the intensities of
trapped electrons has been observed at low altitudes and high
latitudes with Injun I /O'Brien, 1963/; the northern limit of
trapped electrons at 1,000 km altitude wagat ~ 75° geamagnetic
latitude at local noon and only ~ 62° at local midnight.
Investigations of this effect in terms of distortion of the
geanagnetic field by the solar wind have been attempted
[Akasofu, 1963; Hones, 1963/. Ground-based experimentel



researches such as auroral riameter measurements /Tittle and
Ieinbach, 1958; Basler, 1963/ amd visual aurcral studies

/[cf. Davis and DeWitt, 1963/ have found significant local
time variations of these phenamena of the upper atmosphere.

If in turn these phenamena are attributable to the downflux of
corpuscular energy fram the magnetosphere surrounding the
earth, similar, large diurnal effects should be expected in
the precipitated charged particle fluxes., Precipitation of
electrons into the atmosphere has previously been ocbserved by
direct detection with Injun I /O'Brien, 1962/. Further, fram
the gross spatial and temporal characteristics of the charged
particle distributions within the near and distant magnetosphere,
importent information concerning local acceleraticn mechanisms
can be obtained.

A preliminary survey of the diurnal variaetions of trapped
end of precipitated electrons at high latitudes using data fram
the low-altitude satellite Injun III for the period December
1962 through September 1963 is given in the following presenta-

tion.



II. EXPERTMENTAL EQUIPMENT

The Injun III satellite which was designed and con-
structed at the State University of Iowa was launched on
December 13, 1962 into an arbit with apogee altitude of
2795 km, perigee altitude of 237 km, an orbital inclination of
70.4°, and a period of 1.94 hours. A description of the
satellite equipment is given by O'Brien, lLaughlin, and
Gurnett /I96h7; we shall discu
of pertinence to the present investigation. Injun III was
magnetically aligned with respect to the local magnetic
field by means of an om-board magnet, and the fields of view
of the charged paerticle detectors were designed to utilize
this magnetic orientation in order to distinguish between the
geamagnetically trapped and the precipitated corpuscular
radiation. On-board magnetameters allowed a verification of
the proper orientation of the satellite with respect to the
local geamegnetic field direction. A grephical summary of the
local times for the satellite over Horth America for each
month of observations used in the present analysis is given
in Figure 1. Since data are avallable over the period
December 1962 through the middle of September 1963 the precession
of the crbital plane allowed us to eventually sample all local

times.



Real~-time telemetry for Injun III was received by
stations throughout the world, but predominantly in North
America, The magnetic tapes were then sent to SUI where
decoding and merging with an ephemeris supplied by the Goddard
Space Flight Center of NASA were performed.

Two charged particle detectors of the Injun III complement
are of primary interest in this preliminary survey of diurnal
effects: (a) an unshielded Anton type 213 thin-windowed
(1.2 mg/cu® mica) Gelger-Mueller tube with e conical field of
view of half-angle 43° whose axis was directed upward along the
local magnetic field vector when the satellite was in the
northern hemisphere and was oriented properly, and (b) a
similar detector with a conical field of view of half angle 13°
vhose axis was directed 90° to the local magnetic field
vectar., The farmer detector measures the intensity of electroms
precipitated into the atmosphere with a unidirectional geametric
factar of 0.6 x 10”2 cn” er and the latter detector measures
the intensity of trapped electrons with & unidirectional
geametric factor of 1.5 x 1072 cn® ar. Both detectars have
electron threshalds of 40 keV /cf. Frank and Van Allen, 1963/
and proton energy thresholds of 500 keV. Identification of
the respanses of these detectars at L ?\_ 4.0 as those due

to electrons (E > 140 keV) rather than due to protons



(E > 500 keV) is provided by the p-n junction detectors oan
Injun III which simultaneocusly measure the intensities and
energy spectrum of protons (700 keV < E < 100 MeV) (courtesy
of C. Bostrom and G. Pieper of the Applied Physics Lsboratary,
Johns Hopkins University). Iess than 2% of the data was con-
taminated by small solar proton events, The Geiger-Muellex
tubes are also sensitive to soft solar x-rays (efficiency

o
lovvertherange of 4 to 12 A); the infrequent

~ 1072 to 107
periods of contamination by soft soler x-rays are identified
by the characteristic counting rate peak as the corresponding
detector's field of view scans the sun and by verifying that
the sun was within the detector's field of view by means of
on-board light-sensitive devices, The median counting rates
of both of the above detectors were in the linear region of
detector respconse as a function of incident electron intensity
and uncertainties in corrections for the dead-time of these
instruments for above-median counting rates did not have any

influence on the median rates, of course.



III. ANALYSIS OF DATA

The approach of this preliminary investigation of the
gross diurnal variatians of electrcn (E > 40 keV) intensities
using Injun III data is stralghtforward. Over TOO passes of
data at L > L.0 were available far analysis; a short
synopsis of these pasees as to station, hemisphere, and
menth is given in Table I. The data are predaminantly from
Forth American statiams { ~ $0%) and hence the results of the
present analysis pertain especially to this region. The data
were ordered with respect to the B and L parameters
[McIlvain, 1961/ end were assigned to the appropriate local
time at the point of cbservation. For a chosen velue of L,
the data were grouped according to ranges of B and plotted
as a function of locel time. Eighte-second averages of the
detector counting rates were used; only cne data point per
pass was assigned to a given L value and no selections of the
data according to I(p or season were made in this preliminary
investigation., Only northern latitude passes were used to
study the diurnal variations of electron precipitation
(the corresponding detectar looks downward, towerd the earth,
in the southern hemisphere); both nortbern and southern
hemisphere passes were used in the study of trapped electron
intensities although the mmber of southern passes is ccmpara-

tively small (see Table I).



TABLE I

Sumpary of Satellite Passes Used
in the Present Investigation
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IV. PRESERTATION OF DATA

The respanse of the trapped electron (E > 40 keV)
detector for various values of 1 as a function of local time is
displayed in Figures 2 and 3. Each data point for a given
value of L represents a measurement for an individual satellite
rass. The various symbols in the ebove graphs represent ranges
of B in arder to evaluate the relative importance of this
parameter with respec oral vari
effects; these ranges are tabulated in the respective figure
captions, The large scatter of the data points at a given
local time and L is seen to be due to true temporal variations
of the electron intensities and not to B dependence. For
L = 4 and 7 (Figure 2) there is no significaent dependence on
locel time of the median intensities indicated by the sclid
line segments; the upper and lower dotted line segments show
the counting rates above which and below which, respectively,
ocne-fourth of the data points fall. At L = 8.5 the
character of the median intensity as a function of local time
changes strikingly, with a meximm at approximately local noon
and a minimum at local midnight. The noon/midnight ratio is
of the arder of 100. (If the detector counting rate is
1 count/second or less, the datum is plotted as 1 count/second

and hence represents the threshold response.) This large
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diurnal variation continues for all higher L values shown in
Figures 2 and 3. In Figure 4 is plotted the median response
of the trapped electron (E > 40 keV) detector as a function
of L for a few selected local times to emphasize and

summarize the character of the diurnal effect. (The inveriant
Iatitude - = arc cos L'/2 15 used in several of the follow-
ing graphs displayed in the present investigation and is
within ~ 2° of being equal to the gecmagnetic latitude A over
North America.) Median amnidirectional intensity contours

in the I-local time coordinate system are summarized in
Figure 5 in order to exhibit the gross diurnal features of
Figures 2 and 3 in another way. The nedian amnidirectional
intensities of electrons were camputed from the median
responses of the respective unidirectionel detectors by assuming
that the electron fluxes were 1sotropic over the detectors'
fields of view and by assuming an altitude of ~ 1500 km to
calculate the trapping and dumping comes; the uncertainty in
the resulting amnidirecticnal intensities due to imperfections
of the above assumptions is believed to not exceed a factor of
2 or 3 in absolute values., The uncertainty in relative values
is trivial. The limit of detectable trapped electron intensities
1s at L ~ 8 at local midnight and L ~ 20 at local noom. At

L = 9, the median electron intensity at locai noon is



~ 6 x 10° (cn° sec)™! and st locel midnight is far less than
3 x 103 (co® sec) . The iso-intemsity comtours show &n
gpproximate symmetry with respect to the noan-midnight
meridisn but do appear more nearly symmetricel about a
meridian of ~ 11:00 local time beyond L ~10. An elternative
graph of the median intensities of trapped electrons
(E 2 40 keV) referred to the A--local time coordinate system
is shown in Figure 6; the 1limit of detectable intensities of
electrans vas at A ~ 69° et local midnight and /- ~ T7° at
local noon over North America.

A similar analysis has been performed for the intensities

of electrons precipitated into the upper atmosphere and the

response of the carresponding detectar as a function of local
time is displayed in Figures 7 and 8. These median counting
rates also show the anset of a diurnmal variation of two orders of
megnitude between L = 7 and 8.5. 'The depression of the median
at L = 4,0 from local midnight to 8:00 may be due to a B
dependence of the electron intensities but no interpretation

of this observatiocn is given here., A few local times have been
selected and the median counting rate plotted as a function of

L in Figure 9, which displays the rapid decrease at L ~ 8 on

the midnight meridian and significant precipitated electron



intensities to L > 20 on the noon meridien as in the case of
the trepped electron intensities discussed previcusly. Again
the median electron intensities have been surmarized in a
I-local time coordinate system in Figure 10. There is a broad
minimm during local night and an apparent nmsximum during local
day at ~ 11:00 and L ~ 8. The rorthern limit of detectable
electron precipitation is at L ~ 8 at locel midnight and

L ~ 20 at local noon; this northern limit is at -A-~ 63° at
local midnight and - ~ 77° at locel noon (see Figure 11) over

North America.
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V. DISCUSSION

A large diurnal variation of the intensities of trapped
and of precipitated electrons observed at low altitudes with
Injun IIT is reported in this preliminary investigation. The
high latitude limits of detectable trapped and of detectable
precipitated electrons (E > U0 keV) intensities are similar and
are at L ~ 8 (A ~ 63°) near local midnight and at L ~ 20
(A ~ 77°) near local nocn. There is same tendency for the
distribution of precipitated electrons to extend to higher
values of I, at a low intensity level, during mid-day (campare
Figures 4 and 7). The present finding of a large diurnal
varistion in the intensities of trapped electroms is in
agreement with a study of individual passes at low altitudes
with Injun I /O'Brien, 1963/; however, the accampanying finding
of a large diurnal variation of the intensities of electrons
(E > 40 keV) precipitated into the atmosphere 1s in dis-
agreement with O'Brien /I96k/ who concluded tentatively in an
early report that no local time dependence of precipitated
(dumped) electron intensities is evident in the Injun III data.
The iso-intensity contours of both trapped and precipitated
electrons (see Figures 5 and 10) are approximately symmetrical
with respect to the noon-midnight meridien but at L > 10

this symmetry eppears to be displaced to a meridian of ~ 11:00.
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An apperent maximum of the intensities of precipitated electroms
(E > 40 keV) occurs at approximately local noon { ~ 9:00 to
13:00) at L ~ 8 where the electron intensity is

~5x 101‘ (mn2 sec )'1; this maximum strongly indicates a

local acceleration mechanism located on the sunward side of
the magnetosphere. The precipitated electrom intensity contours
as a function of local time are in qualitative agreement with
the auraral ricmeter studies of Basler [1963/, for example.
This result supports his belief that part of the diurnal
variation of ionospheric radio absorption in the auroral region
is due to a diurnal variation of corpuscular radiation pre-
cipitated into the atmosphere. (Discussicn of the enhancement
of sbsorption during daylight hours due to electron photo-
detachment processes produced by solar radiation is given by
Chapman and Little /1957/ and Chapman /1959/.) The

occurrence of visual aurara /Devis and Dewitt, 1963/ has a
maximm during local night and is anti-carrelated with the
downflux of energetic electroms (E > 10 keV) in the present
study, which displays a broad minimum at local night; the
observations of low energy electrons (1 to 10 keV) near the
equatorial plane et L 2 8 on the night side of the
magnetosphere [Gringauz et al., 1961, 1963; Freeman, 1964/

are carrelated in local time with the visual aurora studies.
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On the bases of the above local time and latitude
surveys of these phenamena it is suggested that the auroral
riometer absorption may be at least, in part, attributed to
the precipitation of electrons of > 14O keV reported here and
that the visual aurcorse are a distinctly different phenomena,
largely associated with the large intensities of low energy
electrons (1 to 10 keV) memsured by Gringauz and his
collabarators and by Freeman on the night side of the
magnetosphere. Camprehensive spatial and temporal surveys of
these low energy electron intensities throughout the
magnetosphere and at 1ts boundary remsin a largely unexplored
and critical area of experimental interest. The rapid decrease
of trapped electron (E > 40 keV) intensities for L > 8 at
high latitudes during local night has a presumptive correspondence
to the preliminary results near the equatorial plane with
Explorer XIV /Frank, Van Allen, and Macagno, 1963/, which also
shoved a rapid decrease of electron (E > 4O keV) intensities
at L ~ 8.0 quring local night. One measurement /Vakulov et al.,
1963/ of electrans of similar energies at a geomagnetic
latitude of ~ 50° with the Russian Mars I probe (November 1962)
confirms this rapid decrease of intensities on the night side
of the earth at an intermediate latitude. The northern limit
of detectable trapped electron intensities has been shown here

to be A ~ T7° (L ~ 20) on the noon meridien and A ~ 69°
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(L ~ 8) on the midnight meridian at low eltitudes. Theoretical
camputations of the motion of electrans of these energies in a
model megnetosphere compressed by the solar wind /Homes, 1963/
apparently do not yleld a latitude displacement of the mirror
roints of such electrons sufficient in magnitude to account for
the observed effect. It may be noted that a camprebensive
survey of the distribution of electrons of similar energies at

large radial distances and for geamagnetic letitudes of O to

'30° 18 now being campleted with Beplorer XIV. The Explarer XIV

study and the present Injun III survey will allow us to display
the intensities of trapped electrans (E » 40 keV) throughout
& major portion of the magnetosphere and allow a critical
examination of the magnetospheric models now at our disposal.
Further studies now under progress include the investigation
of the dependence of the diurmal varietions of trapped and of

precipitated electrons upon magnetic activity and season.
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FIGURE CAPTIONS

1. A summary of local time for Injun III measurements
over North America for several values of the shell
parameter L. The local times available during a given
month are indicated by the solid bars.,

2. Graphs of the trepped radiation detector response
as a function of local time, with L as a parameter.
The diurnal variation begins abruptly between L = T
and 8.5. Each data point for a given value of L
represents the response of the detector for an
individual satellite pass., The various symbols
denote ranges of the scalar magnetic field strength
B as follows: for L = 4.0 and 8.5,

4, 0.14-0.21 geuss; 0, 0.21-0.25; x, 0.25-0.29;
& , 0.29-0.35; @, 0.35-0.4k4; for L = 10,
x, 0.19-0.21; 0, 0.21-0.23; # , 0.23-0.27;

A , 0.28-0.50.

3. A continuation of Figure 2 for higher values of
the parameter L, For L = 1l the symbols denote the
following ranges of B: x, 0.19-0.21 gauss;

0, 0.21-0.23; O , 0.23-0.25; A , 0.25-0.27;

0, 0.27-0.29; A , 0.29-0.k6.

4, The median counting rates of the trapped electron
detector as a function of L for several local times.

Figure 5. A summary of the median amnidirectional intensities

of trapped electrons (E > LO keV) measured at low
altitudes with Injun IXI as displayed in a L-local
time coordinate system.
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6. The median amnidirectional intensities of trapped
electrons (E > L0 keV) measured at low altitudes with
Injun III as displayed in a -/\--local time coordinate
system,

T. Graphs of the response of the precipitated electron
detector as a function of local time and with L as a
parameter. Onset of a large diurnal variation begins
between L = 7 and 8.5, The symbols denote various
ranges of B according to the same code as in Figure 2,

8. A continuation of Figure 7 for higher values of
the parameter L. For a given L the symbols denote
the same ranges of B as for the trapped radiation
detector responses (see Figure 3).

9. The median counting rates of the precipitated
electron detector as a function of L for several local
times,

10. A summery of the median amnidirectional intensities
of electrons (E 2 b keV) precipitated into the
atmosphere as displayed in a I-local time coordinate
system.

11. The median amnidirectional intensities of electroms
(E > 40 keV) precipitated into the atmosphere as dis-
played in a /\- ~local time coordinate system.
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MONTHLY SUMMARY OF LOCAL TIME FOR
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MEDIAN OMNIDIRECTIONAL INTENSITY OF TRAPPED ELECTRONS (E = 40KEV)

MEASURED AT LOW ALTITUDES WITH INJUN il
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MEDIAN OMNIDIRECTIONAL INTENSITY OF ELECTRONS (E = 40KEV)

PRECIPITATED INTO THE EARTH'S UPPER ATMOSPHERE

Figure 11




